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ABSTRACT:​ In the absence of vaccines or therapeutics, and with cases of COVID-19 
continuing to grow each day, most countries are relying on non-pharmaceutical interventions 
(NPIs) to reduce the spread of SARS-CoV-2. The goal of NPIs – decreasing mobility in order to 
decrease contact – comes with competing socioeconomic costs and incentives that are not 
well-understood. Using Google’s Community Mobility data, we visualized changes in mobility 
and explored the effect of economic, social, and governmental factors on mobility via 
regression. We found decreases in mobility for all movement categories except in residential 
areas; these changes corresponded strongly with country-specific outbreak trajectory. Mobility 
increased with GDP per capita, though this relationship varied among movement categories. 
Finally, countries with more authoritarian governments were more responsive with respect to 
mobility changes as local case counts increased; however, these countries were also less likely 
to report mobility data to Google. ​These preliminary findings suggest that country-specific 
outbreak trajectory, GDP per capita, and democracy index may be important indicators in 
assessing a given population’s adherence to NPIs. 
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COMMENT: 

 

With cases of COVID-19 increasing rapidly, no universally accepted treatment available, and 

vaccines many months away, most governments have implemented policies to curb 

transmission by reducing contact between individuals. These non-pharmaceutical interventions 

(NPIs) include closing schools, border closures, domestic movement restrictions, and lockdowns 

(targeted and nationwide).  

 

Population compliance with NPIs has been observably heterogeneous and is likely dependent 

on sociodemographics.​1​ Most NPIs – which disrupt mobility, and in turn commerce – impose 

economic burdens that may make such interventions difficult to sustain over prolonged periods 

of time.​2​ Others have noted that these NPI-associated economic burdens are expected to vary 

across populations;​1,3​ nevertheless, countries with weaker infrastructure may face larger 

consequences for delayed action.​4​ Here, we attempt to disentangle some of the competing 

costs and incentives that make adherence to NPIs and resulting decreases in mobility difficult to 

predict across populations. 

 

Using Google’s recently-released Community Mobility data​5​, we first visualized global changes 

in mobility as of March 29, 2020 (Figure 1). Because mobility data were only available for 130 of 

198 countries, we conducted a multiple logistic regression to assess whether countries with 

reported data were meaningfully different from the remaining 68 (Appendix 2). Though there 

was no strong differentiation in GDP per capita or internet penetration across these two 

categories, we found that mobility data were more likely to be available for more democratic 
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countries than for more authoritarian ones (​p​ = 0.011) (Appendix 2). Notably, these data 

represent the subset of the population using a cell phone with location tracking enabled.  

 

Proceeding with the countries for which mobility data were available, we observed that there 

were noticeable changes in movement when compared against baseline estimates as observed 

during a five week period from January to early February, 2020 (Figure 1). In an assumed 

response to the pandemic, all countries exhibited decreased movement in retail and transit 

(average change of -58.6% and -58.8%, respectively), most countries exhibited decreased 

movement in grocery/pharmacy (-37.7%), parks (-38.2%), and work (-33.4%), whereas 

movement in residential areas increased slightly (+16.3%).  

 

To assess possible indicators for change in mobility among the countries for which mobility data 

were available, we implemented a multiple linear regression in which we predicted mobility 

scores as a function of movement category, trajectory of the outbreak within each country, and 

broader ​politico-economic​ indices for each country (Appendix 2).  

 

We found that changes in mobility corresponded strongly with country-specific outbreak 

trajectory. Mobility decreased in response to both the number of total reported cases per capita 

(​p​ = 0.012), as well as the number of new reported cases per capita (​p​ < 0.0001). However, the 

relationship of mobility in response to new reported cases per capita indicated a strong 

interaction with democracy index; countries with more authoritarian governments experienced 

stronger reductions in movement in response to increases in new reported cases per capita (​p​ < 

0.0001). Nevertheless, it is worth noting that reporting of new cases may be confounded with 

democracy index, with more transparent case-reporting in more democratic countries.  
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We also observed a non-linear relationship between mobility and time-since-first-case was 

reported, with an initial decrease in mobility followed by an increase as time-since-first-case 

increased (​p​ = 0.0018). In fact, time-since-lockdown and time-since-initial-social-distancing were 

both significant predictors (​p​ < 0.0001 for both), but in opposite directions. Namely, when 

outbreak trajectory over time is taken into account, a greater time-since-lockdown was 

associated with lower mobility, whereas a greater time-since-initial-social-distancing was 

associated with higher mobility – indicating that social distancing may be insufficient on its own 

(i.e. in the absence of lockdown) to prompt sustained reductions in mobility.  

 

Changes in mobility were strongly dependent upon the type of activity, as indicated by 

movement category (​p​ < 0.0001). Additionally, mobility was higher as GDP per capita increased 

(Appendix 2). However, the relationship between GDP per capita and mobility varied by mobility 

category (​p​ = 0.017), with especially strong increases in movement within parks and residential 

areas in higher-GDP countries.  

 

These preliminary findings suggest that GDP per capita, country-specific outbreak trajectory, 

and democracy index may be important indicators in assessing a given population’s adherence 

to NPIs. While we were limited by the use of a mobility data source that appears to differentially 

exclude less democratic countries, we believe that this is a finding in and of itself and – when 

combined with the results we obtained from countries for which mobility data were available – 

suggests that further investigation at the intersection of democracy and mobility is warranted 

within the context of the ongoing COVID-19 pandemic. 
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Figure Legends: 
 
Figure 1. ​Change in mobility from baseline reported by Google Community Mobility Reports on 
March 29, 2020​. Panels A-F correspond to retail, grocery/pharmacy, parks, transit, work, and 
residential movement categories.  
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APPENDIX 1: Data Sources and Curation 
 

Data Column Data Source Data Entry Description N (%) Values Missing 

Mobility values Google 
Community 
Mobility Reports​1 

Manually entered values from PDFs provided 
by Google Mobility. 

Retail and Recreation         68 (34.34) 

Grocery and Pharmacy       68 (34.34)  

Parks                                 69 (34.85) 

Transit stations                    69 (34.85) 

Workplaces                      68 (34.34) 

Residential                      71 (35.86) 

GDP World Bank​2 Downloaded and merged csv file. All GDP 
values are reported based on latest data 
available: 2018  or 2017, with exceptions: 
 

1. South Sudan: 2015 
2. Syria (Syrian Arab Republic): 2007 
3. Venezuela (Bolivarian Republic of 

Venezuela): 2014 
 
The following countries did not report GDP to 
WorldBank and data was obtained from 
alternate sources: 

4. North Korea: 2016​3 
5. State of Palestine: 2017​4 
6. Taiwan: 2018​5  

4 (2.02) 

Population Worldometer​6  Matched countries with population data in R 
version 3.4.0 and manually filled the values for 

0 (0.00) 
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remaining countries. Used this method for all 
data obtained from Worldometer. 

Democracy index Economist 
Intelligence Unit​7 

Manually entered from PDF of White Paper. 32 (16.16) 

NPI interventions  Assessment 
Capacities Project 
(ACAPS) 
COVID19 
Government 
Measures Data​8​; 
Wikipedia​9 

Identified the first intervention for each country 
for both pre-defined intervention types. 
Calculated the number of days prior to 29 
March 2020 that these interventions had been 
in place in R 3.4.0. No intervention in a given 
category was recorded as a 0 (every 
intervention had at least one day recorded). 
Obtained data for countries with no records 
from timelines of  COVID-19 outbreaks on 
Wikipedia. 

Time since lockdown  
0 (0.00) 

Time since initial social distancing 
0 (0.00) 

Cases per million Worldometer​10 Used total cases reported on Worldometer (last 
archived version on 29 March 2020, obtained 
through archive.org) or “Yesterday” table 
(obtained on 05 April 2020). Note: “​The "New" 
columns for China display the previous day 
changes (as China reports after the day is 
over). For all other countries, the "New" 
columns display the changes for the current 
day while still in progress. 

 0 (0.00) 

New cases per 
million 

Worldometer​10 Used new cases reported on Worldometer site, 
found in last archived version on 29 March 
2020 (obtained through archive.org). 
 
Note: Puerto Rico’s COVID numbers came 
from Puerto Rico Department of Health 
website​11  

 0 (0.00) 
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Time since first 
case 

Worldometer​10 Used date of first case reported on 
Worldometer site, from last archived version on 
29 March 2020 (obtained through archive.org). 
Calculated number of days from first case to 29 
March 2020 using R 3.4.0. 

18 (9.09) 

Internet users Wikipedia​12  Manually entered the proportion of population 
that are internet users.  

 3 (1.52) 

 
All data were manually reviewed by coauthors. First, EYL spot-checked mobility values for ~ 10 random countries (no changes were 
necessary). Then, TKB and EYL did a complete check of all COVID-19 variables (cases per million, new cases per million, date of 
first case), and additional checks of socioeconomic values. EYL and TKB performed a spot-check of population and GDP and full, 
manual checks of all countries with non-identical matching names between datasets. EYL and TKB did a full, manual check of 
Democracy Index. CMH checked NPI data. 
 
1 ​Google. COVID-19 community mobility reports. 2020. ​https://www.google.com/covid19/mobility/​  (accessed April 4, 2020). 
 
2 ​World Bank. GDP (current US$). 2020. ​https://data.worldbank.org/indicator/NY.GDP.MKTP.CD​  (accessed April 4, 2020).  
 
3 ​CNBC. North Korea’s economic growth climbs to 17-year high in 2016 despite sanctions targeting nuclear program. 2020; published online July 
20. 
https://www.cnbc.com/2017/07/20/north-koreas-economic-growth-climbs-to-17-year-high-in-2016-despite-sanctions-targeting-nuclear-program.htm
l​  (accessed April 4, 2020). 
 
4 ​Worldometer. ​State of Palestine GDP - US dollars. 2020. ​h​https://www.worldometers.info/gdp/state-of-palestine-gdp/​  (accessed April 6, 2020). 
 
5 ​International Monetary Fund. Report for selected countries and subjects. 2018. 
https://www.imf.org/external/pubs/ft/weo/2019/02/weodata/weorept.aspx?pr.x=43&pr.y=11&sy=2016&ey=2021&scsm=1&ssd=1&sort=country&ds
=.&br=1&c=528&s=NGDP_RPCH%2CNGDPD%2CPPPGDP%2CNGDPDPC%2CPPPPC%2CPCPIPCH&grp=0&a=​  (accessed April 4, 2020). 
 
6 ​Worldometer. Countries in the world by population (2020). 2020. ​https://www.worldometers.info/world-population/population-by-country/ 
(accessed April 4, 2020). 
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7 ​The Economist Intelligence Unit. Democracy index 2019. ​https://www.eiu.com/topic/democracy-inde​x​. (accessed April 3, 2020). 
 
8 ​ACAPS. ACAPS COVID-19: Government measures dataset. 2020. 
https://data.humdata.org/dataset/acaps-covid19-government-measures-dataset​ (accessed April 4, 2020).  
 
9 ​Wikipedia. Coronavirus pandemic by country and territory. 2020. 
https://en.wikipedia.org/wiki/Category:2019%E2%80%9320_coronavirus_pandemic_by_country_and_territory​ (accessed April 4, 2020).  
 
10 ​Worldometer. COVID-19 coronavirus pandemic. 2020. ​https://web.archive.org/web/20200329235359/https://www.worldometers.info/coronavirus/ 
(accessed April 4, 2020). 
 
11 ​Puerto Rico Department of Health ​https://estadisticas.pr/en/covid-19​ ;accessed at​  ​Wikipedia. 2020 coronavirus pandemic in Puerto Rico  

https://en.wikipedia.org/wiki/2020_coronavirus_pandemic_in_Puerto_Rico#cite_note-46​ (accessed April 6, 2020). 
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APPENDIX 2: Mobility and Inclusion Analyses 
 
Mobility analysis: 
 
We used multiple regression analysis to evaluate the change in mobility as a function of several 
economic, political, and epidemiological variables for each country. We modeled each mobility 
value as a function of the movement category (Grocery/Pharmacy, Workplace, Residential, 
Parks, Retail/Recreation, and Transit), GDP per capita, democracy index, log-transformed 
number of new cases in the prior day (per million people), log-transformed number of total 
cases (per million people), number of days since the first case, a quadratic term for number of 
days since the first case, number of days since the first lockdown was implemented within a 
country, and number of days since the first social distancing policies were implemented within a 
country. We included an interaction between GDP per capita and movement category to allow 
the effect of GDP per capita to differ between movement categories. This interaction term 
corresponded to our hypothesis that wealthier (per capita) nations might see a shift in recreation 
or work that differed from the shifts in those categories for lower-GDP (per capita) nations. We 
also included an interaction between the log-transformed number of new cases and the 
democracy index, which allowed the effect of new cases to vary by the democratic leaning of a 
nation’s government. This interaction corresponded to our hypothesis that mobility in nations 
with authoritarian governments might be more responsive to increasing local caseloads. When 
log-transforming the variables for new cases per million and total cases per million, we replaced 
zero values with one-tenth the minimum non-zero value. Replacing zeroes with one-fifth the 
minimum non-zero value yielded the same qualitative results in our analyses. We evaluated 
significance using a type III sums of squares anova on linear model fits, using the “car” package 
in R.  
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Sensitivity analyses for mobility analysis: 
 
Robustness of Democracy Index x New Cases Interaction  
To evaluate the robustness of the interaction between log-transformed new cases per million 
people and democracy index, we conducted another analysis where democracy index was 
converted to a binary variable, based on whether the democracy index was greater than 5 or 
less than 5. We repeated the above multiple regression analysis, using this binary variable in 
place of the democracy index. Results for this analysis were qualitatively similar to the original 
analysis, with a significant interaction between the binary democracy predictor and 
log-transformed new cases per million people.  
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Robustness of Social Distancing Coefficient 
Within the distribution of times since social distancing policies were enacted, there were a small 
number of countries that had implemented social distancing for long periods of time (upwards of 
40 days). These countries were generally geographically close to China and often had local 
outbreaks sooner than other countries. We were concerned that this small cluster of countries 
might bias the coefficient for time since social distancing. Thus, we removed all countries with a 
time since social distancing policies of greater than 40 days and repeated the multiple 
regression analysis. The coefficient for time since social distancing remained positive and 
strongly significant, indicating little bias from these countries.  
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Aggregate Effect of GDP Per Capita  
Because of the interaction term between GDP per capita and movement category, our original 
model did not estimate an overarching effect of GDP on mobility scores (rather, it provided six 
estimates of the effect of GDP on mobility scores, with one for each movement category). To 
evaluate the overall trend between mobility scores and GDP per capita, we removed the 
interaction term and re-ran the model. We found a strong positive association between GDP per 
capita and overall mobility.  
 

 
 
  

5 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3570206



Inclusion analysis: 
 
The large number of missing data for mobility values has the potential to bias the results of our 
analyses. We evaluated which factors are associated with missingness of mobility data to 
ascertain how this might impact the interpretation of our mobility analyses.  
 
For each country, we generated a binary variable corresponding to whether there was at least 1 
mobility value reported by Google. We used a logistic regression to evaluate which of the 
following predictors were related to a higher probability of inclusion within the mobility dataset: 
fraction of the population that are internet users, democracy index, and GDP per capita. When 
using type III sums of squares, only the democracy index was a significant predictor of inclusion 
in the dataset, with more democratic countries having a higher probability of inclusion.  
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